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(37) ABSTRACT

An optical recording medium includes a substrate, a pro-
tective layer, three or more information recording layers
formed between the substrate and the protective layer and
transparent intermediate layers each formed between neigh-
boring information recording layers and capable of record-
ing data in the three or more information recording layers
and reproducing data recorded in the three or more infor-
mation recording layers by projecting a laser beam onto the
three or more information recording layers via a light
incidence plane constituted by the surface of either the
substrate or the protective layer, wherein neighboring trans-
parent intermediate layers facing each other across an infor-
mation recording layer have different thicknesses. Accord-
ing to the thus constituted optical recording medium, 1t 1s
possible to reduce interlayer cross-talk.

4 Claims, 12 Drawing Sheets
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MULTILAYER OPTICAL RECORDING
MEDIUM WITH THICKNESS RANGES
REDUCING INTERLAYER CROSS-TALK

BACKGROUND OF THE INVENTION

The present invention relates to an optical recording

medium, and particularly, to an optical recording medium
which includes three or more information recording layers
and reduces interlayer cross-talk.

DESCRIPTION OF THE PRIOR ART

Optical recording media such as the CD, DVD and the
like have been widely used as recording media for recording
digital data. Such optical recording media require 1improve-
ment 1n ability to record large amounts of data and various
proposals have been made 1n order to increase the data
recording capacity thereof.

One of these 1s an optical recording medium having two
information recording layers and such an optical recording
medium has been already put to the practical use as an
optical recording medium adapted to enable only data read-
ing, such as the DVD-Video and the DVD-ROM.

An optical recording medium adapted only for reading
data and provided with two information recording layers 1s
formed by laminating two substrates each having prepits
constituting a information recording layer on the surface
thereol via a transparent intermediate layer.

Therelfore, an optical recording medium having three or
more information recording layers and capable of recording,
large amounts of data can be obtained by laminating three or
more substrates formed with surface prepits and constituting,
information recording layers alternately with transparent
intermediate layers.

However, 1n an optical recording medium including three
or more information recording layers, when a laser beam 1s
focused onto a certain information recording layer to repro-
duce data recorded therein, cross-talk caused by the laser
beam projected onto the other information recording layers
(heremaftter referred to as “interlayer cross-talk”) increases
in comparison with that in an optical recording medium
including only two information recording layers.

This interlayer cross-talk can be reduced to some extent
by increasing the thickness of the transparent intermediate
layers between neighboring information recording layers.

However, it 1s not feasible to increase the thickness of an
optical recording medium owing to the need to ensure
compatibility with optical recording medium already 1n
practical use and 1t 1s therefore impossible to sufliciently
increase the thickness of the transparent intermediate layers
between neighboring information recording layers. As a
result, 1n an optical recording medium including three or
more information recording layers, interlayer cross talk
inevitably increases as the number of information recording
layers increases.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
an optical recording medium which includes three or more
information recording layers and reduces interlayer cross-
talk.

The above and other objects of the present invention can
be accomplished by an optical recording medium compris-
ing a substrate, a protective layer, three or more information
recording layers formed between the substrate and the
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protective layer and transparent intermediate layers each
formed between neighboring information recording layers
and capable of recording data 1n the three or more informa-
tion recording lavers and reproducing data recorded in the
three or more iformation recording layers by projecting a
laser beam onto the three or more information recording
layers via a light incidence plane constituted by the surface
of either the substrate or the protective layer, wherein
neighboring transparent intermediate layers facing each
other across an information recording layer have different
thicknesses.

According to the present invention, neighboring transpar-
ent intermediate layers facing each other across an informa-
tion recording layer have different thicknesses, so that when
a laser beam 1s projected onto the information recording
layer farther from the light incidence plane among the
neighboring mformation recording layers to reproduce data
therefrom, the laser beam reflected from the information
recording layer located on the side of the light incidence
plane with respect to the information recording layer onto
which the laser beam 1s focused 1s not focused onto any
other information recording layer and, therefore, 1t 1s pos-
sible to eflectively prevent generation in the reproduced
signal of significant interlayer cross-talk owing to the laser
beam focused onto the mmformation recording layer from
which data are to be reproduced being projected onto other
information recording layers.

In a preferred aspect of the present invention, the optical
recording medium comprises a first information recording
layer farthest from the light incidence plane, a second
information recording layer located on the side of the light
incidence plane with respect to the first information record-
ing layer, a third information recording layer closest to the
light incidence plane, a first transparent intermediate layer
formed between the first information recording layer and the
second mnformation recording layer, and a second transpar-
ent intermediate layer formed between the second informa-
tion recording layer and the third information recording
layer, and the first transparent intermediate layer and the
second transparent intermediate layer are formed so that the
thickness of the first transparent intermediate layer 1s larger
than that of the second transparent intermediate layer.

In a further preferred aspect of the present invention, the
first transparent intermediate layer and the second transpar-
ent intermediate layer are formed so that (Db-Da)/Da=0.05
and Da<Db are satisfied where Da 1s the thickness of the first
transparent intermediate layer and Db 1s the thickness of the
second transparent intermediate layer.

In another preferred aspect of the present mnvention, the
optical recording medium comprises a first information
recording layer farthest from the light incidence plane, a
second information recording layer located on the side of the
light incidence plane with respect to the first information
recording layer, a third information recording layer located
on the side of the light incidence plane with respect to the
second 1nformation recording layer, a fourth information
recording layer closest to the light incidence plane, a first
transparent intermediate layer formed between the first
information recording layer and the second information
recording layer, a second transparent intermediate layer
formed between the second imnformation recording layer and
the third information recording layer, and a third transparent
intermediate layer formed between the third information
recording layer and the fourth information recording layer,
and the first transparent intermediate layer, the second
transparent intermediate layer and the third transparent
intermediate layer are formed so that the thickness of the




US 7,143,426 B2

3

second transparent intermediate layer 1s larger than that of
the first transparent intermediate layer and that of the third
transparent intermediate layer.

In a further preferred aspect of the present invention, the
first transparent intermediate layer, the second transparent
intermediate layer and the third transparent intermediate
layer are formed so that the thickness of the first transparent
intermediate layer 1s larger than that of the third transparent
intermediate layer.

In a further preferred aspect of the present invention, the
first transparent intermediate layer, the second transparent
intermediate layer and the third transparent intermediate
layer are formed so that the thickness of the first transparent
intermediate layer 1s 20% to 40% of the total thickness of the
first transparent intermediate layer, the second transparent
intermediate layer and the third transparent intermediate
layer, the thickness of the second transparent intermediate
layer 1s 33% to 60% of the total thickness of the first
transparent intermediate layer, the second transparent inter-
mediate layer and the third transparent intermediate layer,
and the thickness of the third transparent intermediate layer
1s 20% to 40% of the total thickness of the first transparent
intermediate layer, the second transparent intermediate layer
and the third transparent intermediate layer.

In a further preferred aspect of the present invention, the
first transparent intermediate layer, the second transparent
intermediate layer and the third transparent intermediate
layer are formed so that the thickness of the first transparent
intermediate layer 1s 22% to 36% of the total thickness of the
first transparent intermediate layer, the second transparent
intermediate layer and the third transparent intermediate
layer, the thickness of the second transparent intermediate
layer 1s 36% to 35% of the total thickness of the first
transparent intermediate layer, the second transparent inter-
mediate layer and the third transparent intermediate layer,
and the thickness of the third transparent intermediate layer
1s 22% to 32% of the total thickness of the first transparent
intermediate layer, the second transparent intermediate layer
and the third transparent intermediate layer.

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion made with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic perspective view showing an optical
recording medium that 1s a preferred embodiment of the
present invention.

FIG. 2 1s an enlarged schematic cross-sectional view of
the part of the optical recording medium indicated by A in
FIG. 1.

FIG. 3 1s a schematic cross-sectional view showing the
optical path of a laser beam when data recorded in an L2
layer of an optical recording medium are to be reproduced
in the case where the thickness of a first transparent inter-
mediate layer 1s substantially the same as that of a second
transparent intermediate layer.

FIG. 4 1s a schematic cross-sectional view showing the
optical path of a laser beam when data recorded in an L1
layer of an optical recording medium are to be reproduced
in the case where the thickness of a first transparent inter-
mediate layer 1s substantially the same as that of a second
transparent intermediate layer.

FIG. 5 1s a schematic cross-sectional view showing the
optical path of a laser beam when data recorded in an L0
layer of an optical recording medium are to be reproduced
in the case where the thickness of a first transparent inter-
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mediate layer 1s substantially the same as that of a second
transparent imntermediate layer.

FIG. 6 1s a schematic cross-sectional view showing the
optical path of a laser beam L in the case where a first
transparent intermediate layer and a second transparent
intermediate layer are formed so that the thickness Da of the
first transparent intermediate layer 12 1s larger than the
thickness Db of the second transparent intermediate layer

13.

FIG. 7 1s a schematic cross-sectional view showing the
optical path of a laser beam L in the case where a first
transparent intermediate layer and a second transparent
intermediate layer are formed so that the thickness Db of the
second transparent intermediate layer 12 1s larger than the
thickness Da of the first transparent intermediate layer 13.

FIG. 8 1s a schematic cross-sectional view showing an
optical recording medium 1ncluding four information
recording layers.

FIG. 9 1s a schematic cross-sectional view showing the
optical path of a laser beam L when data recorded 1n the L3
layer of an optical recording medium are to be reproduced
in the case where the thickness of a first transparent inter-
mediate layer, that of a second transparent intermediate layer
and that of a third transparent intermediate layer are sub-
stantially the same.

FIG. 10 1s a schematic cross-sectional view showing the
optical path of the laser beam L when data recorded in the
[.2 layer of an optical recording medium are to be repro-
duced 1n the case where the thickness of a first transparent
intermediate layer, that of a second transparent intermediate
layer and that of a third transparent intermediate layer are
substantially the same.

FIG. 11 1s a schematic cross-sectional view showing the
optical path of the laser beam L when data recorded in the
L1 layer of an optical recording medium are to be repro-
duced 1n the case where the thickness of a first transparent
intermediate layer, that of a second transparent intermediate
layer and that of a third transparent intermediate layer are
substantially the same.

FIG. 12 1s a schematic cross-sectional view showing the
optical path of the laser beam L. when data recorded 1n the
.0 layer of an optical recording medium are to be repro-
duced 1n the case where the thickness of a first transparent
intermediate layer, that of a second transparent intermediate
layer and that of a third transparent intermediate layer are
substantially the same.

FIG. 13 1s a schematic cross-sectional view showing the
optical path of a laser beam L focused onto an L1 layer 1n
the case where a first transparent intermediate layer, a
second transparent mntermediate layer and a third transparent
intermediate layer are formed so that the thickness Db of the
second transparent intermediate layer 1s larger than the
thickness Da of the first transparent intermediate layer and
the thickness Dc of the third transparent intermediate layer.

FIG. 14 1s a schematic cross-sectional view showing the
optical path of a laser beam L focused onto an L1 layer 1n
the case where a first transparent intermediate layer, a
second transparent intermediate layer and a third transparent
intermediate layer are formed so that the thickness Db of the
second transparent intermediate layer 1s smaller than the
thickness Da of the first transparent intermediate layer and
the thickness Dc of the third transparent intermediate layer.

FIG. 15 1s a schematic cross-sectional view showing an
optical recording medium including five information record-
ing layers.
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FIG. 16 1s a graph showing levels of signals reproduced
from an L0 layer, L1 layer, L2 layer and L3 layer in Working
Example 1.

FIG. 17 1s a graph showing the relationship between
levels of signals reproduced from L0 layers of an optical
recording medium sample #2-1, an optical recording
medium sample #2-2, an optical recording medium sample
#2-3 and an optical recording medium sample #2-4 and a
thickness Db of a second intermediate layer measured in
Working Example 2.

FIG. 18 1s a graph showing the relationship between
levels of signals reproduced from L0 layers of an optical
recording medium samples #3-1 to #3-15 and a thickness Db
of a second intermediate layer measured i Working
Example 3.

FIG. 19 1s a graph showing how the maximum interlayer
cross-talk varied with thickness Da of a first intermediate
layer, a thickness Db of a second intermediate layer and a
thickness Dc¢ of a third intermediate layer in Working
Example 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FI1G. 1 1s a schematic perspective view showing an optical
recording medium that 1s a preferred embodiment of the
present invention and FIG. 2 1s a schematic enlarged cross-
sectional view indicated by A i FIG. 1.

As shown i FIG. 1, an optical recording medium 10
according to this embodiment 1s formed disk-like and has a
outer diameter of about 120 mm and a thickness of about 1.2
mm.

As shown 1n FIG. 2, the optical recording medium 10
according to this embodiment includes a support substrate
11, a first transparent intermediate layer 12, a second trans-
parent intermediate layer 13, a light transmission layer
(protective layer) 19, an L0 layer 20 formed between the
support substrate 11 and the first transparent intermediate
layer 12, an L1 layer 30 formed between the first transparent
layer 12 and the second transparent intermediate layer 13
and an L2 layer 40 formed between the second transparent
layer 13 and the light transmission layer 19.

The L0 layer 20, the L1 layer 30 and the .2 layer 40 are
information recording layers 1n which data are recorded, 1.e.,
the optical recording medium 10 according to this embodi-
ment includes three information recording layers.

The LO layer 20, the L1 layer 30 and the L2 layer 40 are
formed 1n this order from the side of the support substrate 11
so that the LO layer 20 constitutes a farthest information
recording layer from a light incidence plane 19a and the L2
layer 40 constitutes a closest information recording layer to
the light incidence plane 19a.

Therefore, when data are to be recorded 1n the L0 layer 20
or data recorded 1n the L0 layer 20 are to be reproduced, a
laser beam L 1s projected onto the L0 layer 20 via the L1
layer 30 and the L2 layer 40 and when data are to be
recorded 1n the L1 layer 30 or data recorded 1n the L1 layer
30 are to be reproduced, the laser beam L 1s projected onto
the L1 layer 30 via the L2 layer 40.

The support substrate 11 serves as a support for ensuring,
mechanical strength and a thickness of about 1.2 mm
required for the optical recording medium 10.

The material used to form the support substrate 11 1s not
particularly limited insofar as the support substrate 11 can
serve as the support of the optical recording medium 10. The
support substrate 11 can be formed of glass, ceramic, resin
or the like. Among these, resin 1s preferably used for forming
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the support substrate 11 since resin can be easily shaped.
[llustrative examples of resins suitable for forming the
support substrate 11 include polycarbonate resin, polyolefin
resin, acrylic resin, epoxy resin, polystyrene resin, polyeth-
ylene resin, polypropylene resin, silicone resin, fluoropoly-
mers, acrylonitrile butadiene styrene resin, urethane resin
and the like. Among these, polycarbonate resin and poly-
olefln resin are most preferably used for forming the support
substrate 11 from the viewpoint of easy processing, optical
characteristics and the like and in this embodiment, the
support substrate 11 1s formed of polycarbonate resin. In this
embodiment, since the laser beam L 1s projected via the light
incident plane 19a located opposite to the support substrate
11, 1t 1s unnecessary for the support substrate 11 to have a
light transmittance property.

Although not shown 1n FIG. 2, grooves (not shown) and
lands (not shown) are alternately and spirally formed on the
surface of the support substrate 11 so as to extend from a
portion 1n the vicinity of the center of the support substrate
11 toward the outer circumierence thereof.

The first transparent intermediate layer 12 serves to space
the L0 layer 20 and the L1 layer 30 apart by a physically and
optically suthicient distance and grooves (not shown) and
lands (not shown) are alternately and spirally formed on the
surface thereotf so as to extend from a portion 1n the vicinity
of the center of the first transparent intermediate layer 12
toward the outer circumierence thereof.

On the other hand, the second transparent intermediate
layer 13 serves to space the L1 layer 30 and the L2 layer 40
apart by a physically and optically suflicient distance and
grooves (not shown) and lands (not shown) are alternately
and spirally formed on the surface thereof so as to extend
from a portion 1n the vicinity of the center of the second
transparent intermediate layer 13 toward the outer circum-
terence thereof.

It 1s necessary for the first transparent intermediate layer
12 to have sufliciently high light transmittance since the
laser beam L passes through the first transparent intermedi-
ate layer 12 when data are to be recorded in the L0 layer 20
and data recorded 1n the L0 layer 20 are to be reproduced and
it 1s necessary for second transparent intermediate layer 13
to have sufliciently high light transmittance since the laser
beam L passes through the second transparent intermediate
layer 13 when data are to be recorded in the L0 layer 20 or
the L1 layer 30 and data recorded 1n the L0 layer 20 or the
L1 layer 30 are to be reproduced.

The matenial for forming each of the first transparent
intermediate layer 12 and the second transparent intermedi-
ate layer 13 1s not particularly limited insofar as 1t has
sufliciently high light transmittance but an ultraviolet ray
curable acrylic resin 1s preferably used for forming each of
the first transparent intermediate layer 12 and the second
transparent intermediate layer 13.

The thickness of each of the first transparent intermediate
layer 12 and the second transparent intermediate layer 13
will be explained later.

The light transmission layer 19 serves to transmit the laser
beam L and the light incident plane 19a 1s constituted by one
of the surfaces thereof.

It 1s preferable to form the light transmission layer 19 so
as to have a thickness of 30 um to 200 um.

The matenal for forming the light transmission layer 19 1s
not particularly limited insofar as it has sufhciently high
light transmittance and, similarly to the first transparent
intermediate layer 12 and the second transparent intermedi-
ate layer 13, an ultraviolet ray curable acrylic resin 1is
preferably used for forming the light transmission layer 19.




US 7,143,426 B2

7

The LO layer 20, the L1 layer 30 and the L2 layer 40 may
be formed as write-once type mformation recording layers
that enable writing but not rewriting of data or data rewrit-
able information recording layers but are constituted as
write-once information recording layers in this embodiment.

Since the laser beam L passes through the L1 layer 30 and
the L2 layer 40 when data are recorded 1n the L0 layer 20 or
data are reproduced from the L0 layer 20, it 1s required for
cach of the L1 layer 30 and the L2 layer 40 to have a high
light transmittance and for the difference 1n reflective coet-
ficients between regions where record marks are formed and
blank regions where no record mark 1s formed 1n the L1
layer and the L2 layer 40 to be sufliciently large.

For these purposes, 1t 1s preferable for at least the L1 layer
30 and the L2 layer 40 to contain the mixture of ZnS and
S10_ or the mixture ot La,0;, S10, and Si;N, as a primary
component and be added with Mg or Al.

On the other hand, although not shown i FIG. 2, the L0
layer 20 includes a first L0 recording film located on the side
of the support substrate 11 and a second L0 recording film
located on the side of the light incidence plane 19a. The first
.0 recording film contains Cu as a primary component and
the second recording film contains S1 as a primary compo-
nent.

When the laser beam L for recording data 1s focused onto
the thus constituted L0 layer 20, Cu contained 1n the first 1.0
recording {ilm as a primary component and S1 contained in
the second recording {ilm as a primary component are mixed
to form a record mark.

In the case where data recorded 1n the thus constituted
optical recording medium 10 are to be reproduced, a laser
beam L 1s projected onto the optical recording medium 10
from the side of the light incidence plane 19a and the focus
of the laser beam L 1s adjusted onto the one of the L0 layer
20, the L1 layer 30 or the L2 layer 40 1n which the data to

be reproduced are recorded.

FIG. 3 1s a schematic cross-sectional view showing the
optical path of the laser beam L. when data recorded 1n the
[.2 layer 40 of the optical recording medium 10 are to be
reproduced in the case where the thickness of the first
transparent intermediate layer 12 1s substantially the same as
that of the second transparent intermediate layer 13.

As shown 1n FIG. 3, 1in the case where data recorded 1n the
[.2 layer 40 of the optical recording medium 10 are to be
reproduced, the laser beam L 1s focused onto the 1.2 layer 40.

The amount of the laser beam L reflected by the L2 layer
40 depends on the reflective coellicient of the L2 layer 40
within the spot of the laser beam L, namely, on whether or
not a record mark 1s formed within the spot of the laser beam
L and 1t 1s possible to reproduce data recorded in the L2 layer
40 of the optical recording medium 10 by detecting the
amount of the laser beam L reflected by the L2 layer 40.

When the laser beam L 1s focused onto the L2 layer 40,
spots of the laser beam L are formed in the L0 layer 20 and
the L1 layer 30. Therefore, when data recorded in the 1.2
layer 40 are to be reproduced, the amount of the laser beam
L. reflected from the optical recording medium 10 and
detected also includes the laser beam L components reflected
by the L0 layer 20 and the L1 layer 30. Because of this, the
distribution of the laser beam L reflected from the L0 layer
20 and the L1 layer 30 within the spots formed therein
influences the amount the laser beam L. component reflected
by the optical recording medium 10 and detected, and a
signal obtained by reproducing data recorded 1n the L2 layer
40 1s intluenced by data recorded 1n the L0 layer 20 and the
L1 layer 30 to generate interlayer cross-talk.
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The interlayer cross-talk which arises because the laser
beam L focused onto an imformation recording layer for
reproducing data stored therein 1s projected onto other
information recording layers than the reproduced informa-
tion recording layer and which gets mixed into the signal
reproduced from the information recording layer increases
as the spot area of the laser beam L formed 1n the informa-
tion recording layers other than the reproduced information
recording layer 1s less significant. The interlayer cross-talk
which arises because the laser beam L focused onto the L2
layer 40 for reproducing data stored therein 1s projected onto
the L1 layer 30 next to the L1 layer 40 and which gets mixed
into the signal reproduced from the L2 layer 40 1s therefore
relatively signficant but the interlayer cross-talk which arises
because the laser beam L focused onto the L2 layer 40 for
reproducing data stored therein i1s projected onto the L0
layer and which gets mixed into the signal reproduced from
the L2 layer 40 1s insignificant.

FIG. 4 1s a schematic cross-sectional view showing the
optical path of the laser beam L. when data recorded 1n the
L1 layer 30 of the optical recording medium 10 are to be
reproduced in the case where the thickness of the first
transparent intermediate layer 12 1s substantially the same as
that of the second transparent intermediate layer 13.

As shown 1n FIG. 4, in the case where data recorded 1n the
L1 layer 30 of the optical recording medium 10 are to be
reproduced, the laser beam L 1s focused onto the L1 layer 30
and the amount of the laser beam L reflected by the optical
recording medium 10 1s detected.

When the laser beam L 1s focused onto the L1 layer 30,
spots of the laser beam L are formed 1n the L0 layer 20 and
the L2 layer 40. Therefore, when data recorded in the L1
layer 30 are to be reproduced by detecting the amount of the
laser beam L retlected by the optical recording medium 10,
the laser beam L components retlected by the LO layer 20
and the L2 layer 40 are simultaneously detected. Because of
this, the reflective coeflicient distribution of the L0 layer 20
and the L2 layer 40 within the spots formed therein influ-
ences the amount the laser beam L reflected by the optical
recording medium 10 and detected, and a signal obtained by
reproducing data recorded 1n the L1 layer 30 1s influenced by
the laser beam L components reflected by the L0 layer 20
and the L2 layer 40 to generate interlayer cross-talk.

Since the L0 layer 20 and the L2 layer 40 are located next
to the L1 layer 30, the interlayer cross-talk which arises
because the laser beam L focused onto the L1 layer 30 for
reproducing data recorded therein 1s projected onto the L0
layer 20 and which gets mixed into the signal reproduced
from the L1 layer 30 and the interlayer cross-talk which
arises because the laser beam L focused onto the L1 layer 30
for reproducing data recorded therein 1s projected onto the
[.2 layer 40 and which gets mixed into the signal reproduced
from the L1 layer 30 are both relatively substantial.

FIG. § 1s a schematic cross-sectional view showing the
optical path of the laser beam L when data recorded in the
L0 layer 20 of the optical recording medium 10 are to be
reproduced 1n the case where the thickness of the first
transparent intermediate layer 12 1s substantially the same as
that of the second transparent intermediate layer 13.

As shown 1n FIG. 5, 1in the case where data recorded 1n the
L0 layer 20 of the optical recording medium 10 are to be
reproduced, the laser beam L 1s focused onto the L0 layer 20
and the amount of the laser beam L retlected by the optical
recording medium 10 1s detected.

When the laser beam L 1s focused onto the L0 layer 20,
spots of the laser beam L are formed 1n the L1 layer 30 and
the L2 layer 40. Therefore, when data recorded in the L0
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layer 20 are to be reproduced by detecting the amount of the
laser beam L reflected by the optical recording medium 10,
the laser beam L components retlected by the L1 layer 30
and the L2 layer 40 are simultaneously detected. Therelore,
the reflective coeflicient distribution of the L1 layer 30 and
the L2 layer 40 within the spots formed therein influences
the amount the laser beam L reflected by the optical record-
ing medium 10 and detected, and a signal obtained by
reproducing data recorded 1n the L0 layer 20 1s influenced by
the laser beam L components retlected by the L1 layer 30
and the L2 layer 40 to generate interlayer cross-talk.

As shown 1n FIG. 5, 1n the case where the thickness of the
first transparent intermediate layer 12 1s substantially the
same as that of the second transparent intermediate layer 13,
when the laser beam L 1s focused onto the L0 layer 20, the
laser beam L component reflected by the L1 layer 30 is
focused onto the L2 layer 40 or a portion in the vicinity of
the L2 layer 40 and the area of the spot that the laser beam
L. component reflected by the L1 layer 30 forms in the L0
layer 40 or a portion in the vicinity thereof i1s extremely
small. Therefore, interlayer cross-talk which arises because
the laser beam L focused onto the 1O layer 20 for repro-
ducing data recorded therein 1s projected onto the L2 layer
40 and which gets mixed into the signal reproduced from the
L0 layer 20 1s more significant than the interlayer cross-talk
which arises because the laser beam L focused onto the L0
layer 20 for reproducing data recorded therein 1s projected
onto the L1 layer 30 next to the L0 layer 20 and which gets
mixed into the signal reproduced from the L0 layer 20.

Theretfore, in the case where the thickness of the first
transparent intermediate layer 12 1s substantially the same as
that of the second transparent intermediate layer 13, the
influence of interlayer cross-talk 1s most significant when
data recorded in the L0 layer 20 are reproduced and the
influence of interlayer cross-talk 1s next most significant
when data recorded 1n the L1 layer 30 are reproduced.

As described above, since the laser beam L component
reflected by the L1 layer 30 1s focused onto the L2 layer 40
or a portion 1n the vicinity of the L2 layer 40 and the area
of the spot that the laser beam L component reflected by the
L1 layer 30 forms 1n the L0 layer 40 becomes extremely
small, the interlayer cross-talk which arises because the laser
beam L focused onto the LO layer 20 for reproducing data
recorded therein 1s projected onto the L2 layer 40 and which
gets mixed into the signal reproduced from the L0 layer 20
becomes significant. Therefore, the interlayer cross-talk
which arises because the laser beam L focused onto the L0
layer 20 for reproducing data recorded therein 1s projected
onto the L2 layer 40 which gets mixed into the signal
reproduced from the LO layer 20 can be decreased by
forming the first transparent intermediate layer 12 and the
second transparent intermediate layer 13 to have different
thicknesses so that the area of the spot the laser beam L
component reflected by the L1 layer 30 forms in the L2 layer
40 becomes larger.

In order to suiliciently decrease interlayer cross-talk
which arises owing to the spot that the laser beam L
component reflected by the L1 layer 30 forms in the L2 layer
40 and which gets mixed into the signal reproduced from the
L0 layer 20, it 1s preferable to form the first transparent
intermediate layer 12 and the second transparent intermedi-
ate layer 13 so as to satisty (Da-Db)/Db=0.05, more
preferably (Da-Db)/Db=0.10, when the thickness Da of the
first transparent intermediate layer 12 1s larger than the
thickness Db of the second transparent intermediate layer 13
and 1t 1s preferable to form the first transparent intermediate
layer 12 and the second transparent intermediate layer 13 so
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as to satisty (Db-Da)/Da=0.05, more preferably (Db-Da)/
Da=0.10, when the thickness Da of the first transparent
intermediate layer 12 1s smaller than the thickness Db of the
second transparent intermediate layer 13.

However, 11 a transparent intermediate layer 1s formed too
thin, interlayer cross-talk between information recording
layers located on the opposite sides of the transparent
intermediate layer becomes great. It 1s therefore undesirable
to form the first transparent intermediate layer 12 or the
second transparent intermediate layer 13 too thin. On the
other hand, 1f one of the second transparent intermediate
layer 13 and first transparent intermediate layer 12 1s formed
thicker, while the thickness of the other of the first trans-
parent intermediate layer 12 and the second transparent
intermediate layer 13 1s held constant, 1t becomes diflicult to
ensure compatibility of the optical recording medium 10
with optical recording media 1n practical use.

Therefore, 1n the case where the thickness Da of the first
transparent intermediate layer 12 1s larger than the thickness
Db of the second transparent intermediate layer 13, 1t 1s
preferable to form the first transparent intermediate layer 12
and the second transparent intermediate layer 13 so as to
satisty (Da-Db)/Db=1, more preferably (Da-Db)/Db=0.7,
and 1n the case where the thickness Da of the first transparent
intermediate layer 12 1s smaller than the thickness Db of the
second transparent intermediate layer 13, 1t 1s preferable to
form the first transparent intermediate layer 12 and the
second transparent intermediate layer 13 so as to satisly
(Db-Da)/Daz=1, more preferably (Db-Da)/Da=0.7. As a
result, 1n the case where the thickness Da of the first
transparent intermediate layer 12 1s larger than the thickness
Db of the second transparent intermediate layer 13, 1t 1s
preferable to form the first transparent intermediate layer 12

and the second transparent intermediate layer 13 so as to
satisty 0.05=(Da-Db)/Db=1, more preferably 0.10=(Da-

Db)/Db=0.7, and 1n the case where the thickness Da of the
first transparent intermediate layer 12 1s smaller than the
thickness Db of the second transparent intermediate layer
13, 1t 15 preferable to form the first transparent intermediate
layer 12 and the second transparent intermediate layer 13 so
as to satisty 0.05=(Db-Da)/DaZ1, more preferably 0.10=
(Db-Da)/Daz=0.7.

FIG. 6 1s a schematic cross-sectional view showing the
optical path of a laser beam L 1n the case where the first
transparent intermediate layer 12 and the second transparent
intermediate layer 13 are formed so that the thickness Da of
the first transparent mtermediate layer 12 1s larger than the
thickness Db of the second transparent intermediate layer
13.

As shown 1n FIG. 6, 1n the case where the first transparent
intermediate layer 12 and the second transparent intermedi-
ate layer 13 are formed so that the thickness Da of the first
transparent intermediate layer 12 1s larger than the thickness
Db of the second transparent intermediate layer 13, when the
laser beam L 1s focused onto the L0 layer 20, the laser beam
L. component reflected by the L1 layer 30 1s focused 1n the
light transmission layer 19. The area of the spot that the laser
beam L component forms in the L2 layer 40 therefore
becomes more significant and the interlayer cross-talk which
arises because the laser beam L focused onto the L0 layer 20
for reproducing data recorded therein 1s projected onto the
L2 layer 40 and which gets mixed into the signal reproduced
from the L0 layer 20 becomes less significant.

FIG. 7 1s a schematic cross-sectional view showing the
optical path of a laser beam L 1n the case where the first
transparent intermediate layer 12 and the second transparent
intermediate layer 13 are formed so that the thickness Db of
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the second transparent intermediate layer 13 1s larger than
the thickness Da of the first transparent intermediate layer
12.

As shown 1n FIG. 7, 1n the case where the first transparent
intermediate layer 12 and the second transparent intermedi-
ate layer 13 are formed so that the thickness Db of the
second transparent intermediate layer 13 1s larger than the
thickness Da of the first transparent intermediate layer 12,
when the laser beam L 1s focused onto the L0 layer 20, the
laser beam L component retlected by the L1 layer 30 is
focused 1n the second transparent intermediate layer 13. The
area of the spot that the laser beam L component forms in the
[.2 layer 40 therefore becomes large and the interlayer
cross-talk which arises because the laser beam L focused
onto the L0 layer 20 for reproducing data recorded therein
1s projected onto the L2 layer 40 and which gets mixed nto
the signal reproduced from the L0 layer 20 becomes 1nsig-
nificant.

As described above, interlayer cross-talk which arises
because the laser beam L focused onto the L0 layer 20 for
reproducing data recorded therein 1s projected onto the 1.2
layer 40 and which gets mixed into the signal reproduced
from the LO layer 20 can be decreased by forming the first
transparent intermediate layer 12 and the second transparent
intermediate layer 13 so as to have different thicknesses.
However, 1n the case where the total thickness (Da+Db) of
the first transparent intermediate layer 12 and the second
transparent intermediate layer 13 1s constant, the area of the
spot that the laser beam L component reflected by the L0
layer 20 forms in the L1 layer 30 becomes smaller as the
thickness Db of the second transparent intermediate layer 13
becomes larger than the thickness Da of the first transparent
intermediate layer 12. As a result, the interlayer cross-talk
which arises because the laser beam L focused onto the L1
layer 30 for reproducing data recorded therein 1s projected
onto the L0 layer 20 and which gets mixed into the signal
reproduced from the L1 layer 30 increases. However, the
area of the spot of the laser beam L component formed 1n the
[.2 layer 40 becomes large, whereby interlayer cross-talk
which arises because the laser beam L focused onto the L1
layer 30 for reproducing data recorded therein 1s projected
onto the L2 layer 40 and which gets mixed mto the signal
reproduced from the L1 layer 30 decreases.

On the other hand, 1in the case where the total thickness
(Da+Db) of the first transparent intermediate layer 12 and
the second transparent intermediate layer 13 1s constant, the
area ol the spot that the laser beam L component reflected by
the LO layer 20 forms 1n the L1 layer 30 becomes larger as
the thickness Da of the first transparent intermediate layer 12
becomes larger than the thickness Db of the second trans-
parent intermediate layer 13. As a result, the interlayer
cross-talk which arises because the laser beam L focused
onto the L1 layer 30 for reproducing data recorded therein
1s projected onto the L0 layer 20 and which gets mixed nto
the signal reproduced from the L1 layer 30 decreases.
However, the area of the spot of the laser beam L. component
formed 1n the L2 layer 40 becomes smaller, whereby inter-
layer cross-talk which arises because the laser beam L
focused onto the L1 layer 30 for reproducing data recorded
therein 1s projected onto the L2 layer 40 and which gets
mixed into the signal reproduced from the L1 layer 30
1ncreases.

Theretfore, 1n the case where the total thickness (Da+Db)
of the first transparent intermediate layer 12 and the second
transparent intermediate layer 13 1s constant, interlayer
cross-talk which arises because the laser beam L focused
onto the L1 layer 30 for reproducing data recorded therein
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1s projected onto the other information recording layers and
which gets mixed into the signal reproduced from the L1
layer 30 do not vary so much depending upon whether the
thickness Db of the second transparent intermediate layer 13
1s larger than the thickness Da of the first transparent
intermediate layer 12 or the thickness Da of the first trans-
parent intermediate layer 12 is larger than the thickness Db
of the second transparent intermediate layer 13.

To the contrary, in the case where the total thickness
(Da+Db) of the first transparent intermediate layer 12 and
the second transparent intermediate layer 13 1s constant, the
ellect of making the thickness Db of the second transparent
intermediate layer. 13 larger than the thickness Da of the first
transparent intermediate layer 12 1s that when the laser beam
L. 1s focused onto the L0 layer 20 to reproduce data there-
from, the area of the spot that the laser beam L component
forms in the L1 layer 30 becomes smaller, whereby the
interlayer cross-talk which arises because the laser beam L
focused onto the L0 layer 20 for reproducing data recorded
therein 1s projected onto the L1 layer 30 and which gets
mixed into the signal reproduced from the LO layer 20
increases but that when the laser beam L 1s focused onto the
[.2 layer 40 to reproduce data thereirom, the area of the spot
that the laser beam L component reflected by the L1 layer 30
forms 1n the L2 layer 40 becomes large, whereby interlayer
cross-talk which arises because the laser beam L focused
onto the L2 layer 40 for reproducing data recorded therein
1s projected onto the L1 layer 30 and which gets mixed into
the signal reproduced from the L2 layer 40 decreases.

On the other hand, 1n the case where the total thickness
(Da+Db) of the first transparent intermediate layer 12 and
the second transparent intermediate layer 13 1s constant, as
the effect of making the thickness Da of the first transparent
intermediate layer 12 larger than the thickness Db of the
second transparent intermediate layer 13 1s that when the
laser beam L 1s focused onto the L0 layer 20 to reproduce
data therefrom, the area of the spot that the laser beam L
component forms in the L1 layer 30 becomes larger,
whereby the interlayer cross-talk which arises because the
laser beam L focused onto the L0 layer 20 for reproducing
data recorded therein 1s projected onto the L1 layer 30 and
which gets mixed into the signal reproduced from the L0
layer 20 decreases but that when the laser beam L 1s focused
onto the L2 layer 40 to reproduce data therefrom, the area of
the spot that the laser beam L component retlected by the L1
layer 30 forms 1n the L2 layer 40 becomes small, whereby
the interlayer cross-talk which arises because the laser beam
L focused onto the 1.2 layer 40 for reproducing data recorded
therein 1s projected onto the L1 layer 30 and which gets
mixed into the signal reproduced from the L2 layer 40
1ncreases.

Therefore, 1n the case where the total thickness (Da+Db)
of the first transparent imntermediate layer 12 and the second
transparent intermediate layer 13 1s constant, 1t 1s impossible
by forming the first transparent intermediate layer 12 and the
second transparent intermediate layer 13 so as to have
different thicknesses to simultaneously decrease interlayer
cross-talk which arises because the laser beam L focused
onto the L0 layer 20 for reproducing data recorded therein
1s projected onto other information recording layers and
which gets mixed into the signal reproduced from the L0
layer 20 and the interlayer cross-talk which arises because
the laser beam L focused onto the L2 layer 40 for repro-
ducing data recorded therein is projected onto other infor-
mation recording layers and which gets mixed into the signal
reproduced from the L2 layer 40.
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However, as described above, a signal reproduced from
the L0 layer 20 contains not only interlayer cross-talk caused
by the spot that the laser beam L focused onto the L0 layer
20 forms 1n the L1 layer 30 but also interlayer cross-talk
caused by the laser beam L component reflected by the L1
layer 30 and focused onto the L3 layer 50. As a result, the
interlayer cross-talk which arises because the laser beam L
focused onto the L0 layer for reproducing data recorded
therein 1s projected onto the other imformation recording
layers 1s the more significant. It 1s therefore preferable to
form the first transparent intermediate layer 12 and the
second transparent intermediate layer 13 so that the thick-
ness Da of the first transparent intermediate layer 12 1s larger
than the thickness Db of the second transparent intermediate
layer 13.

FIG. 8 1s a schematic cross-sectional view showing an
optical recording medium 1including four information

recording layers.

Similarly to the optical recording medium 10 shown 1n
FIGS. 1 and 2, an optical recording medium 100 shown 1n

FIG. 8 1s formed disk-like and has an outer diameter of about
120 mm and a thickness of about 1.2 mm.

As shown i FIG. 8, the optical recording medium 10
according to this embodiment includes the support substrate
11, the first transparent intermediate layer 12, the second
transparent intermediate layer 13, a third transparent inter-
mediate layer 14, the light transmission layer (protective
layer) 19, the L0 layer 20 formed between the support
substrate 11 and the first transparent intermediate layer 12,
the L1 layer 30 formed between the first transparent layer 12
and the second transparent intermediate layer 13, the L2
layer 40 formed between the second transparent layer 13 and
the third transparent intermediate layer 14, and an L3 layer
50 formed between the third transparent intermediate layer
14 and the light transmission layer 19.

The L0 layer 20, the L1 layer 30, the L2 layer 40 and the
L layer 50 are information recording layers in which data are
recorded, 1.e., the optical recording medium 10 shown in
FIG. 8 includes four information recording layers.

The L0 layer 20, the L1 layer 30, the L2 layer 40 and the
L3 layer 50 are formed 1in this order from the side of the
support substrate 11 so that the LO layer 20 constitutes a
farthest information recording layer from a light incidence
plane 194 and the L3 layer 50 constitutes a closest infor-
mation recording layer to the light incidence plane 19a.

Therefore, when data are to be recorded 1n the L0 layer 20
or data recorded 1n the L0 layer 20 are to be reproduced, a
laser beam L 1s projected onto the L0 layer 20 via the L1
layer 30, the L2 layer 40 and the L3 layer 30, when data are
to be recorded 1n the L1 layer 30 or data recorded in the L1
layer 30 are to be reproduced, the laser beam L 1s projected
onto the L1 layer 30 via the L2 layer 40 and the L3 layer 50,
and when data are to be recorded in the L2 layer 40 or data
recorded 1n the L2 layer 40 are to be reproduced, the laser
beam L 1s projected onto the L2 layer 40 via the L3 layer 50.

The third transparent intermediate layer 14 serves to space
the L2 layer 40 and the L3 layer 50 apart by a physically and
optically suthicient distance and grooves (not shown) and
lands (not shown) are alternately and spirally formed on the
surface thereotf so as to extend from a portion 1n the vicinity

of the center of the third transparent intermediate layer 14
toward the outer circumierence thereof.

The third transparent intermediate layer 14 can be formed
of materials usable for forming the first transparent inter-
mediate layer 12 and the second transparent intermediate
layer 13.
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The L3 layer 50 may be formed either as a write-once type
information recording layer that enables writing but not
rewriting ol data or as a data rewritable information record-
ing layer, but 1t 1s constituted as a write-once information
recording layer 1n this embodiment, similarly to the L0 layer

20, the L1 layer 30 and the L2 layer 40.

In the case where data recorded 1n the thus constituted
optical recording medium 100 are to be reproduced, a laser
beam L 1s projected onto the optical recording medium 100
from the side of the light incidence plane 194 and the focus
of the laser beam L 1s adjusted onto the L0 layer 20, the L1
layer 30, the L2 layer 40 or the L3 layer 50 in which data to
be reproduced are recorded.

FIG. 9 1s a schematic cross-sectional view showing the
optical path of the laser beam L when data recorded in the
L.3 layer 350 of the optical recording medium 100 are to be
reproduced 1n the case where the thickness of the first
transparent intermediate layer 12, that of the second trans-
parent intermediate layer 13 and that of the third transparent
intermediate layer 14 are substantially the same.

As shown 1n FIG. 9, 1in the case where data recorded 1n the
L.3 layer 50 of the optical recording medium 100 are to be
reproduced, the laser beam L 1s focused onto the L3 layer 50.

The amount of the laser beam L reflected by the L3 layer
50 depends on the reflective coeflicient of the L3 layer 50
within the spot of the laser beam L, namely, on whether or
not a record mark 1s formed within the spot of the laser beam
L. and 1t 1s possible to reproduce data recorded 1n the L3 layer
50 of the optical recording medium 100 by detecting the
amount of the laser beam L reflected by the L3 layer 50.

When the laser beam L 1s focused onto the L3 layer 30,
spots of the laser beam L are formed 1n the L0 layer 20, the
L1 layer 30 and the L2 layer 40. Therefore, when data
recorded 1n the L3 layer 50 are to be reproduced by detecting
the amount of laser beam L reflected by the optical recording
medium 100, the laser beam L components reflected by the
L0 layer 20, the L1 layer 30 and the L2 layer 40 are
simultaneously detected. Because of this, the reflective
coellicient distribution of the L0 layer 20, the L1 layer 30
and the L2 layer 40 within the spots formed therein influ-
ences the amount the laser beam L reflected by the optical
recording medium 100 and detected, and a signal obtained
by reproducing data recorded 1n the L3 layer 50 1s influenced
by the laser beam L components retlected by the L0 layer 20,
the L1 layer 30 and the L2 layer 40 to generate interlayer
cross-talk.

The interlayer cross-talk which arises because the laser
beam L focused onto an information recording layer for
reproducing data stored therein 1s projected onto other
information recording layers than the reproduced informa-
tion recording layer and which gets mixed into the signal
reproduced from the information recording layer increases
as the spot area of the laser beam L formed in the informa-
tion recording layers other than the reproduced information
recording layer 1s smaller. The interlayer cross-talk which
arises because the laser beam L focused onto the L3 layer 50
for reproducing data recorded therein 1s projected onto the
[.2 layer 40 next to the L3 layer 50 and which gets mixed
into the signal reproduced from the L3 layer 50 1s relatively
significant, but the interlayer cross-talk which arises because
the laser beam L focused onto the L3 layer 50 for repro-
ducing data recorded therein 1s projected onto the L1 layer
30 and which gets mixed 1nto the signal reproduced from the
.3 layer 50 1s insignificant and the interlayer cross-talk
which arises because the laser beam L focused onto the L3
layer 50 for reproducing data recorded therein 1s projected
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onto the L0 layer 20 and which gets mixed mto the signal
reproduced from the L3 layer 50 1s extremely 1nsignificant.

FIG. 10 1s a schematic cross-sectional view showing the
optical path of the laser beam L when data recorded in the
[.2 layer 40 of the optical recording medium 100 are to be
reproduced in the case where the thickness of the first
transparent intermediate layer 12, that of the second trans-
parent intermediate layer 13 and that of the third transparent
intermediate layer 14 are substantially the same.

As shown 1n FIG. 10, 1in the case where data recorded in
the L2 layer 40 of the optical recording medium 100 are to
be reproduced, the laser beam L 1s focused onto the L2 layer
40 and the amount of the laser beam L reflected by the
optical recording medium 100 1s detected.

When the laser beam L 1s focused onto the L2 layer 40,
spots of the laser beam L are formed 1n the L0 layer 20, the
L1 layer 30 and the L3 layer 50. Therefore, when data
recorded 1n the 1.2 layer 40 are to be reproduced by detecting
the amount of laser beam L reflected by the optical recording,
medium 100, the laser beam L components reflected by the
L0 layer 20, the L1 layer 30 and the L3 layer 50 are
simultaneously detected. Because of this, the retlective
coellicient distribution of the L0 layer 20, the L1 layer 30
and the L3 layer 50 within the spots formed therein influ-
ences the amount the laser beam L reflected by the optical
recording medium 100 and detected, and a signal obtained
by reproducing data recorded 1n the .2 layer 40 1s influenced
by the laser beam L components reflected by the L0 layer 20,
the L1 layer 30 and the L3 layer 50 to generate interlayer
cross-talk.

Since the L1 layer 30 and the L3 layer 50 are located next
to the L2 layer 40, the interlayer cross-talk which arises
because the laser beam L focused onto the L2 layer 40 for
reproducing data recorded therein 1s projected onto the L1
layer 30 and which gets mixed into the signal reproduced
from the L2 layer 40 and the interlayer cross-talk which
arises because the laser beam L focused onto the 1.2 layer 40
tor reproducing data recorded therein 1s projected onto the
.3 layer 50 which gets mixed into the signal reproduced
from the L2 layer 40 are both relatively substantial. On the
other hand, since the second transparent intermediate layer
13, the L1 layer 30 and the first transparent intermediate
layer 12 are interposed between the L2 layer 40 and the L0
layer 20, the interlayer cross-talk which arises because the
laser beam L focused onto the L2 layer 40 for reproducing
data recorded therein 1s projected onto the L0 layer 20 and
which gets mixed into the signal reproduced from the L2
layer 40 1s msignificant.

FIG. 11 1s a schematic cross-sectional view showing the
optical path of the laser beam L. when data recorded 1n the
L1 layer 30 of the optical recording medium 100 are to be
reproduced in the case where the thickness of the first
transparent intermediate layer 12, that of the second trans-
parent intermediate layer 13 and that of the third transparent
intermediate layer 14 are substantially the same.

As shown 1n FIG. 11, 1n the case where data recorded in
the L1 layer 30 of the optical recording medium 100 are to
be reproduced, the laser beam L 1s focused onto the L1 layer
30 and the amount of the laser beam L reflected by the
optical recording medium 100 1s detected.

When the laser beam L 1s focused onto the L1 layer 30,
spots of the laser beam L are formed 1n the L0 layer 20, the
[.2 layer 40 and the L3 layer 50_Therefore, when data
recorded 1n the L1 layer 30 are to be reproduced by detecting,
the amount of laser beam L reflected by the optical recording,
medium 100, the laser beam L components reflected by the
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simultaneously detected. Therelfore, the reflective coeflicient
distribution of the L0 layer 20, the L2 layer 40 and the L3

layer 50 within the spots formed therein influences the
amount the laser beam L retlected by the optical recording
medium 100 and detected, and a signal obtained by repro-
ducing data recorded in the L1 layer 30 1s influenced by the
laser beam L components reflected by the L0 layer 20, the
[.2 layer 40 and the L3 layer 50 to generate interlayer
cross-talk.

As shown 1n FIG. 11, in the case where the thickness of
the first transparent intermediate layer 12 1s substantially the
same as that of the second transparent intermediate layer 13,
when the laser beam L 1s focused onto the L1 layer 30, the
laser beam L component reflected by the L2 layer 40 1is
focused onto the L3 layer 50 or a portion 1n the vicinity of
the L3 layer 50 and the area of the spot that the laser beam
L. component reflected by the L2 layer 40 forms in the L3
layer 50 or the portion in the vicinity thereof i1s extremely
small. Therefore, the interlayer cross-talk which arises
because the laser beam L focused onto the L1 layer 30 for
reproducing data recorded therein 1s projected onto the L3
layer 50 and which gets mixed into the signal reproduced
from the L1 layer 30 becomes extremely significant. On the
other hand, since the L0 layer 20 and the L2 layer 40 are
located next to the L1 layer 30, the interlayer cross-talk
which arises because the laser beam L focused onto the L1
layer 30 for reproducing data recorded therein 1s projected
onto the L0 layer 20 and which gets mixed into the signal
reproduced from the L1 layer 30 and the interlayer cross-talk
which arises because the laser beam L focused onto the L1
layer 30 for reproducing data recorded therein 1s projected
onto the L2 layer 40 and which gets mixed into the signal
reproduced from the L1 layer 30 are both relatively signifi-
cant but less significant than interlayer cross-talk which
arises because the laser beam L focused onto the L1 layer 30
for reproducing data recorded therein 1s projected onto the
L3 layer 50 and which gets mixed into the signal reproduced

from the L1 layer 30.

FIG. 12 1s a schematic cross-sectional view showing the
optical path of the laser beam L. when data recorded 1n the
L0 layer 20 of the optical recording medium 100 are to be
reproduced in the case where the thickness of the first
transparent intermediate layer 12, that of the second trans-
parent intermediate layer 13 and that of the third transparent
intermediate layer 14 are substantially the same.

As shown 1n FIG. 12, 1n the case where data recorded 1n
the LO layer 20 of the optical recording medium 100 are to
be reproduced, the laser beam L 1s focused onto the L0 layer
20 and the amount of the laser beam L reflected by the
optical recording medium 100 1s detected.

When the laser beam L 1s focused onto the L0 layer 20,
spots of the laser beam L are formed 1n the L1 layer 30, the
[.2 layer 40 and the L3 layer 50_ Theretore, when data
recorded 1n the L0 layer 20 are to be reproduced by detecting
the amount of laser beam L reflected by the optical recording
medium 100, the laser beam L components reflected by the
L1 layer 30, the L2 layer 40 and the L3 layer 50 are
simultaneously detected. Therefore, the reflective coeflicient
distribution of the L1 layer 30, the L2 layer 40 and the L3
layer 50 within the spots formed therein influences the
amount the laser beam L retlected by the optical recording
medium 100 and detected, and a signal obtained by repro-
ducing data recorded 1n the L0 layer 20 1s influenced by the
laser beam L components reflected by the L1 layer 30, the
.2 layer 40 and the L3 layer 50 to generate interlayer
cross-talk.
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As shown 1n FIG. 12, in the case where the thickness of
the first transparent intermediate layer 12 1s substantially the
same as that of the second transparent intermediate layer 13,
when the laser beam L 1s focused onto the L0 layer 20, the
laser beam L component reflected by the L1 layer 30 1is
focused onto the L2 layer 40 or a portion 1n the vicinity of
the L2 layer 40 and the area of the spot that the laser beam
L. component reflected by the L1 layer 30 forms in the L2
layer 40 or a portion in the vicinity thereof i1s extremely
small. Therefore, interlayer cross-talk which arises because
the laser beam L focused onto the 1O layer 20 for repro-
ducing data recorded therein 1s projected onto the L2 layer
40 and which gets mixed into the signal reproduced from the
L0 layer 20 becomes extremely significant. On the other
hand, although the laser beam L 1s reflected by the L2 layer
40, since the laser beam L component reflected by the 1.2
layer 40 1s focused 1n the light transmission layer 19, the area
of the spot that the laser beam L component reflected by the
[.2 layer 40 forms 1n the L3 layer 50 1s large. Therefore, the
interlayer cross-talk which arises because the laser beam L
tocused onto the L0 layer 20 for reproducing data recorded
therein 1s projected onto the L3 layer 50 and which gets
mixed into the signal reproduced from the LO layer 20 1s
insignificant. To the contrary, since the L1 layer 30 1s next
to the LO layer 20, the interlayer cross-talk which arises
because the laser beam L focused onto the L0 layer 20 for
reproducing data recorded therein 1s projected onto the L1
layer 30 and which gets mixed into the signal reproduced
from the LO layer 20 1s relatively significant but less
significant than interlayer cross-talk which arises because
the laser beam L focused onto the L0 layer 20 for repro-
ducing data recorded therein 1s projected onto the L2 layer
40 and gets mixed into the signal reproduced from the L0
layer 20.

Therefore, 1n the case where the thickness of the first
transparent intermediate layer 12, the thickness of the sec-
ond transparent intermediate layer 13 and the thickness of
the third transparent imtermediate layer 14 are substantially
the same, the ifluence of iterlayer cross-talk 1s most
significant when data recorded in the L1 layer 30 are
reproduced, the influence of interlayer cross-talk 1s next
most significant when data recorded 1n the L0 layer 20 are
reproduced and the influence of interlayer cross-talk 1s least
significant when data recorded in the L3 layer 50 are
reproduced.

As described above, since the laser beam L component
reflected by the L2 layer 40 1s focused onto the L3 layer 50
or a portion 1n the vicinity of the L3 layer 50 and the area
of the spot that the laser beam L component reflected by the
[.2 layer 40 forms in the L3 layer 50 becomes extremely
small, the interlayer cross-talk which arises because the laser
beam L focused onto the L1 layer 30 for reproducing data
recorded therein 1s projected onto the L3 layer 50 and which
gets mixed into the signal reproduced from the L1 layer 30
becomes significant, and therefore, interlayer cross-talk
which arises because the laser beam L focused onto the L1
layer 30 for reproducing data recorded therein 1s projected
onto the L3 layer 50 and gets mixed into the signal repro-
duced from the L1 layer 30 can be decreased by forming the
second transparent intermediate layer 13 and the third trans-
parent intermediate layer 14 so that they have diflerent
thicknesses and that the area of the spot of the laser beam L
component reflected by the L2 layer 40 formed in the L3
layer 50 becomes larger.

On the other hand, since the laser beam L component
reflected by the L1 layer 30 1s focused onto the L2 layer 40
or a portion 1n the vicinity of the L2 layer 40 and the area

5

10

15

20

25

30

35

40

45

50

55

60

65

18

of the spot that the laser beam L component reflected by the
L1 layer 30 forms in the L2 layer 40 becomes extremely
small, the interlayer cross-talk which arises because the laser
beam L focused onto the LO layer 20 for reproducing data
recorded therein 1s projected onto the L2 layer 40 and which
gets mixed into the signal reproduced from the L0 layer 20
becomes large and therefore, interlayer cross-talk which
arises because the laser beam L focused onto the L0 layer 20
for reproducing data recorded therein 1s projected onto the
[.2 layer 40 and gets mixed into the signal reproduced from
the LO layer 20 can be decreased by forming the first
transparent intermediate layer 12 and the second transparent
intermediate layer 13 so that they have different thicknesses

and that the area of the spot that the laser beam L. component
reflected by the L1 layer 30 forms in the L2 layer 40
becomes larger.

FIG. 13 1s a schematic cross-sectional view showing the
optical path of a laser beam L focused onto the L1 layer 30
in the case where the first transparent intermediate layer 13,
the second transparent intermediate layer 14 and the third
transparent intermediate layer 14 are formed so that the
thickness Db of the second transparent intermediate layer 13
1s larger than the thickness Da of the first transparent
intermediate layer 12 and the thickness Dc of the third
transparent intermediate layer 14.

As shown 1n FIG. 13, 1in the case where the first trans-
parent mtermediate layer 13, the second transparent inter-
mediate layer 14 and the third transparent intermediate layer
14 are formed so that the thickness Db of the second
transparent intermediate layer 13 1s larger than the thickness
Da of the first transparent intermediate layer 12 and the
thickness Dc of the third transparent intermediate layer 14,
when the laser beam L 1s focused onto the L1 layer 30, the
laser beam L component reflected by the L2 layer 40 1is
focused in the light transmission layer 19. The area of the
spot formed by the laser beam L and in the L3 layer 50
becomes and the interlayer cross-talk which arises because
the laser beam L focused onto the L1 layer 30 for repro-
ducing data recorded therein 1s projected onto the L3 layer
50 and gets mixed into the signal reproduced from the L1
layer 30 becomes 1nsignificant.

FIG. 14 1s a schematic cross-sectional view showing the
optical path of a laser beam L focused onto the L1 layer 30
in the case where the first transparent intermediate layer 13,
the second transparent intermediate layer 14 and the third
transparent intermediate layer 14 are formed so that the
thickness Db of the second transparent intermediate layer 13
1s smaller than the thickness Da of the first transparent
intermediate layer 12 and the thickness Dc of the third
transparent intermediate layer 14.

As shown 1n FIG. 14, 1n the case where the first trans-
parent mtermediate layer 13, the second transparent inter-
mediate layer 14 and the third transparent intermediate layer
14 are formed so that the thickness Db of the second
transparent intermediate layer 13 1s smaller than the thick-
ness Da of the first transparent intermediate layer 12 and the
thickness Dc of the third transparent intermediate layer 14,
when the laser beam L 1s focused onto the L1 layer 30, the
laser beam L component reflected by the L2 layer 40 1is
focused 1n the third transparent intermediate layer 14, the
area of a spot of the laser beam L formed in the L3 layer 50
becomes large and interlayer cross-talk that arises because
the laser beam L focused onto the L1 layer 30 for repro-
ducing data recorded therein 1s projected onto the L3 layer
50 and gets mixed into the signal reproduced from the L1
layer 30 becomes 1nsignificant.
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In order to prevent the total thickness of the first trans-
parent intermediate layer 12, the second transparent inter-
mediate layer 13 and the third transparent intermediate layer
14 from greatly varying and ensure compatibility of the
optical recording medium 100 with optical recording media
already 1n practical use, 1t i1s preferable to form the first
transparent intermediate layer 12, the second transparent
intermediate layer 13 so that the thickness Db of the second
transparent intermediate layer 13 1s larger than the thickness
Da of the first transparent intermediate layer 12 and the
thickness Dc of the third transparent intermediate layer 14.

The relationship between the thickness Da of the first
transparent intermediate layer 12 and the thickness Dc of the
third transparent intermediate layer 14 1s not particularly
limited but since the interlayer cross-talk which arises
because the laser beam L focused onto the L0 layer 20 for
reproducing data recorded therein 1s projected onto the other
information recording layers and which gets mixed into the
signal reproduced from the LO layer 20 tends to become
more significant than interlayer cross-talk which arises
because the laser beam L focused onto the L1 layer 30 for
reproducing data recorded therein is projected onto the other
information recording layers and gets mixed into the signal
reproduced from the L1 layer 30, it 1s preferable to form the
first transparent intermediate layer 12 and the third trans-
parent intermediate layer 14 so that the thickness Da of the
first transparent intermediate layer 12 1s larger than the
thickness Dc of the third transparent intermediate layer 14,
namely, to satisty Db>Da>Dc.

FIG. 15 1s a schematic cross-sectional view showing an
optical recording medium including five imnformation record-
ing layers.

As shown 1n FIG. 15, the optical recording medium 150
1s formed by laminating an L0 layer 20, a first transparent
intermediate layer 12, an L1 layer 30, a second transparent
intermediate layer 13, an L2 layer 40, a third transparent
intermediate layer 14, an L3 layer 50, a fourth transparent
intermediate layer 15, an L4 layer 60 and a light transmis-
sion layer 19a on a support substrate 11 in this order.

In the optical recording medium 150 shown i FIG. 15,
the thickness Da of the first transparent intermediate layer
12, the thickness Db of the second transparent intermediate
layer 13, the thickness Dc of the third transparent interme-
diate layer 14 and the thickness Db of the fourth transparent
intermediate layer 15 are equal to each other. Therefore,
when the laser beam L 1s focused onto the L0 layer 20 for
reproducing data recorded in the L0 layer 20, the laser beam
L. component reflected by the L1 layer 30 1s focused onto the
[.2 layer 40 and the laser beam L component reflected by the
[.2 layer 40 1s focused onto the L4 layer 60.

As a result, significant interlayer cross-talk 1s caused 1n
the signal reproduced from the L0 layer 20 by the laser beam
L. projected onto the L0 layer 20 and focused onto the 1.2
layer 40 and the laser beam L projected onto the L0 layer 20
and focused onto the L4 layer 60.

Therelfore, 1n the optical recording medium 150 having
five information recording layers, it 1s preferable to form the
first transparent intermediate layer 12, the second transpar-
ent intermediate layer 13, the third transparent intermediate
layer 14 and the fourth transparent intermediate layer 15 1n
such a manner that the first transparent intermediate layer 12
and the second transparent intermediate layer 13 have dii-
terent thicknesses, the second transparent intermediate layer
13 and the third transparent intermediate layer 14 have
different thicknesses and the third transparent intermediate
layer 14 and the fourth transparent intermediate layer 13
have different thicknesses. It 1s further preferable to form the
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first transparent intermediate layer 12, the second transpar-
ent intermediate layer 13, the third transparent intermediate
layer 14 and the fourth transparent intermediate layer 15 1n
such a manner that the total thickness (Da+Db) of the first
transparent intermediate layer 12 and the second transparent
intermediate layer 13 and the total thickness (Dc+Da) of the
third transparent intermediate layer 14 and the fourth trans-
parent intermediate layer 15 are different from each other.

WORKING EXAMPLES AND COMPARAIITVE
EXAMPLES

Heremafiter, working examples will be set out 1n order to
turther clanfy the advantages of the present invention.

Working Example 1

An optical recording medium sample # 1 was fabricated
in the following manner.

A disk-like polycarbonate substrate having a thickness of
1.1 mm and a diameter of 120 mm and formed with grooves
and lands on the surface thereof was first fabricated by an
injection molding process so that the track pitch (groove
pitch) was equal to 0.32 um.

Then, the polycarbonate substrate was set on a sputtering
apparatus and a reflective film consisting of an alloy of Ag,
Pd and Cu and having a thickness of 100 nm, a second
dielectric film containing a mixture of ZnS and S10, and
having a thickness of 39 nm, a second L0 recording film
containing Cu as a primary component, added with 23
atomic % of Al and 13 atomic % of Au and having a
thickness of 5 nm, a first L0 recording film containing S1 as
a primary component and having a thickness of 5 nm and a
first dielectric film containing the mixture of ZnS and S10,
and having a thickness of 20 nm were sequentially formed
on the surface of the polycarbonate substrate on which the
grooves and lands were formed, using the sputtering pro-
cess, thereby forming an L0 layer on the surface of the
polycarbonate substrate.

The mole ratio of ZnS to S10, 1n the mixture of ZnS and
S10, contained 1n the first dielectric layer and the second
dielectric layer was 80:20.

Further, the polycarbonate substrate formed with the L0
layer on the surface thereol was set on a spin coating
apparatus and the L0 layer was coated with a resin solution
prepared by dissolving acrylic ultraviolet curable resin 1n a
solvent to form a coating layer while the polycarbonate
substrate was being rotated. Then, a stamper formed with
grooves and lands was placed on the surface of the coating
layer and the surface of the coating layer was 1rradiated with
an ultraviolet ray via the stamper, thereby curing the acrylic
ultraviolet curable resin. A first transparent intermediate
layer having a thickness Da of 10 um and formed with
grooves and lands on the surface thereof so that the track
pitch (groove pitch) was equal to 0.32 um was formed by
removing the stamper.

Then, the polycarbonate substrate formed with the L0
layer and the first transparent intermediate layer on the
surface thereof was set on the sputtering apparatus and an L1
layer having a thickness of 32 nm was formed on the first
transparent intermediate layer by a sputtering process using
a target of the mixture of ZnS to S10, and a target of Mg so

as to contain the mixture of ZnS to S10, at the mole ratio of
50:50.

Further, a second transparent intermediate layer having a
thickness Db of 10 um was formed on the L1 layer 1n a
similar manner to that of forming the {first transparent
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intermediate layer on the L0 layer and an L2 layer having a
thickness of 24 nm was then formed on the second trans-
parent intermediate layer in a similar manner to that of
forming the L1 layer on the first transparent intermediate
layer.

Further, a third transparent intermediate layer having a
thickness Dc of 10 um was formed on the L2 layer in a
similar manner to that of forming the first transparent
intermediate layer on the L0 layer and an L2 layer having a
thickness of 18 nm was then formed on the third transparent
intermediate layer 1n a similar manner to that of forming the
L1 layer on the first transparent intermediate layer.

Finally, the L3 layer was coated using the spin coating
method with a resin solution prepared by dissolving acrylic
ultraviolet curing resin 1n a solvent to form a coating layer
and the coating layer was 1wrradiated with ultraviolet rays,
thereby curing the acrylic ultraviolet curing resin to form a
protective layer having a thickness of 85 um.

Thus, the optical recording medium sample # 1 was
tabricated.

The optical recording medium sample # 1 was set 1n a
DDU1000 optical recording medium evaluation apparatus
manufactured by Pulstec Industrial Co., Ltd. and a laser
beam having a wavelength of 405 nm was focused onto the
[.3 layer using an objective lens whose numerical aperture
was 0.85 via the light transmission layer while the sample
was rotated at a linear velocity of 5.3 m/sec, thereby

recording 2T signals therein in the 1,7 RLL Modulation
Mode.

Then, a laser beam was focused onto each of the L0 layer,
the L1 layer, L2 layer and the L3 layer using the optical
recording medium evaluation apparatus mentioned above
and an 8T signal recorded 1n each of the L0 layer, the L1
layer, L2 layer and the L3 layer was reproduced.

The mtensity of the signal reproduced from each of the L0

layer, the L1 layer, L2 layer and the L3 layer 1s shown 1n
FIG. 16.

As shown 1n FIG. 16, although no data were recorded 1n
the LO layer, the L1 layer and the L2 layer, a signal was
reproduced from each of the L0 layer, the L1 layer and the
L2 layer because the laser beam was projected onto the L3
layer when the laser beam was focused on each of the L0
layer, the L1 layer and the L2 layer. The reproduced signal
from each of the L0 layer, the L1 layer and the L2 layer
corresponds to interlayer cross-talk.

As shown 1n FIG. 16, the influence of interlayer cross-talk
1s maximum 1n the L1 layer and 1s much more significant
than in the cross-talk from the L2 layer and L0 layer. It 1s
reasonable to conclude that this 1s because the thickness Db
of the second transparent intermediate layer and the thick-
ness Dc of the third transparent intermediate layer were
equal and the laser beam focused onto the L1 layer was
reflected by the L2 layer to be focused onto the L3 layer in
which the 8T signal was recorded, whereby the spot area of
the laser beam formed 1n the L3 layer was extremely small.

To the contrary, 1t can be considered that the influence of
interlayer cross-talk in the L2 layer was larger than that 1n
the L0 layer because the 1.2 layer was closer to the L3 layer
than the L0 layer.

Working Example 2

An optical recording medium sample # 1 was fabricated
in the following manner.

A disk-like polycarbonate substrate having a thickness of
1.1 mm and a diameter of 120 mm and formed with grooves
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and lands on the surface thereof was first fabricated by an
injection molding process so that the track pitch (groove
pitch) was equal to 0.32 um.

Then, the polycarbonate substrate was set on a sputtering,
apparatus and an L0 layer having a thickness of 32 nm was
formed on the surface of the polycarbonate substrate on
which the grooves and lands were formed, by the sputtering
process using a target of the mixture of ZnS to 510, and a
target of Mg so as to contain the mixture of ZnS to S10, at
the mole ratio of 50:50.

Further, the polycarbonate substrate formed with the L0
layer on the surface thereol was set on a spin coating
apparatus and the L0 layer was coated with a resin solution
prepared by dissolving acrylic ultraviolet curable resin 1n a
solvent to form a coating layer while the polycarbonate
substrate was being rotated. Then, a stamper formed with
grooves and lands was placed on the surface of the coating
layer and the surface of the coating layer was 1rradiated with
an ultraviolet ray via the stamper, thereby curing the acrylic
ultraviolet curable resin. A first transparent intermediate
layer having a thickness Da of 13 um and formed with
grooves and lands on the surface thereof so that the track
pitch (groove pitch) was equal to 0.32 um was formed by
removing the stamper.

Then, the polycarbonate substrate formed with the L0
layer and the first transparent intermediate layer on the
surface thereof was set on the sputtering apparatus and an L1
layer having a thickness of 24 nm was formed on the first
transparent intermediate layer by sputtering process using a
target of the mixture of ZnS to S10, and a target of Mg so

as to contain the mixture of ZnS to S10, at the mole ratio of
50:50.

Further, a second transparent intermediate layer having a
thickness Db of 10 um was formed on the L1 layer 1n a
similar manner to that of forming the {first transparent
intermediate layer on the L0 layer and an L2 layer having a
thickness of 18 nm was then formed on the second trans-
parent intermediate layer in a similar manner to that of
forming the L1 layer on the first transparent intermediate
layer.

Finally, the L2 layer was coated using the spin coating
method with a resin solution prepared by dissolving acrylic
ultraviolet curing resin 1n a solvent to form a coating layer
and the coating layer was wrradiated with ultraviolet rays,
thereby curing the acrylic ultraviolet curing resin to form a
protective layer having a thickness of 88.5 um.

Thus, the optical recording medium sample # 2-1 was
tabricated.

Further, an optical recoding medium sample # 2-2 was
tabricated 1n the manner of the optical recording medium
sample # 2-1 except that the second transparent intermediate
layer was formed so as to have a thickness Db of 13 um and

a light transmission layer was formed so as to have a
thickness of 87 um.

Furthermore, an optical recoding medium sample # 2-3
was fabricated in the manner of the optical recording
medium sample # 2-1 except that the second transparent
intermediate layer was formed so as to have a thickness Db
of 15 um and a light transmission layer was formed so as to
have a thickness of 86 um.

Moreover, an optical recoding medium sample # 2-4 was
fabricated 1n the manner of the optical recording medium
sample # 2-1 except that the second transparent intermediate
layer was formed so as to have a thickness Db of 17 um and
a light transmission layer was formed so as to have a

thickness of 85 um.
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Each of the optical recording medium sample # 2-1, the
optical recording medium sample # 2-2, the optical record-
ing medium sample # 2-3 and the optical recording medium
sample # 2-4 was set in a DDU1000 optical recording
medium evaluation apparatus manufactured by Pulstec
Industrial Co., Ltd. and a laser beam having a wavelength of
405 nm was focused onto each of the L2 layers using an
objective lens whose numerical aperture was 0.85 via the
light transmission layer while each sample was rotated at a
linear velocity of 5.3 m/sec, thereby recording 8T signals
therein.

Then, a laser beam was focused onto each of the L0 layers
of the optical recording medium sample # 2-1, the optical
recording medium sample # 2-2, the optical recording
medium sample # 2-3 and the optical recording medium
sample # 2-4 using the optical recording medium evaluation
apparatus mentioned above and a signal recorded in the L0
layer was reproduced and the relationship between the level
of the reproduced signal and the thickness of the second
transparent intermediate layer was measured.

The results of the measurements are shown 1in FIG. 17.

As shown 1n FIG. 17, although no data were recorded 1n
cach of the L0 layers of the optical recording medium
sample # 2-1, the optical recording medium sample # 2-2,
the optical recording medium sample # 2-3 and the optical
recording medium sample # 2-4, a signal was reproduced
from each of the L0 layers. This was caused by interlayer
cross-talk generated by the laser beam focused onto the L0
layer and projected onto the L2 layer.

As shown 1 FIG. 17, 1t was found that the interlayer
cross-talk was highest 1n the optical recording medium
sample # 2-2 1n which the thickness Da of the first trans-
parent intermediate layer was equal to the thickness Db of
the second transparent intermediate layer and the interlayer
cross-talk decreased as the diflerence between the thickness
Da of the first transparent imntermediate layer and the thick-
ness Db of the second transparent intermediate layer became
larger.

Working Example 3

Optical recording samples # 3-1 to # 3-15 were fabricated
in the manner of Working Example 2 except that the first
transparent intermediate layer and the second transparent
intermediate layer were formed so that the total thickness
thereol was 40 um and that the thickness Db of the second
transparent intermediate layer was varied in increments of
2.5 um from 2.5 um to 37.5 um.

Each of the thus fabricated optical recording medium
samples # 3-1 to # 3-15 was set 1n a DDUI1000 optical
recording medium evaluation apparatus manufactured by
Pulstec Industrial Co., Ltd. and a laser beam having a
wavelength of 405 nm was focused onto each of the L0
layers using an objective lens whose numerical aperture was
0.85 via the light transmission layer while each sample was
rotated at a linear velocity of 5.3 m/sec, thereby recording
8T signals therein and the laser beam was focused onto each
of the L1 layers via the light transmission layer, thereby
recording 8T signals therein.

Then, a laser beam was focused onto each of the .2 layers
of the optical recording medium samples # 3-1 to # 3-135
using the optical recording medium evaluation apparatus
mentioned above and a signal recorded in the L2 layer was
reproduced and the relationship between the level of the
reproduced signal and the thickness Db of the second
transparent intermediate layer was measured.
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Further, each of the optical recording medium samples #
3-1 to # 3-15 was set 1n the optical recording medium
cvaluation apparatus mentioned above and a laser beam
having a wavelength of 405 nm was focused onto each of the
L.0 layers using an objective lens whose numerical aperture
was 0.85 via the light transmission layer while each sample
was rotated at a linear velocity of 3.3 m/sec, thereby
recording 81 signals therein and the laser beam was focused
onto each of the L2 layers via the light transmission layer,
thereby recording 81 signals therein.

Then, a laser beam was focused onto each of the L2 layers
of the optical recording medium samples # 3-1 to # 3-15
using the optical recording medium evaluation apparatus
mentioned above and a signal recorded 1n the L1 layer was
reproduced and the relationship between the level of the
reproduced signal and the thickness Db of the second
transparent intermediate layer was measured.

Furthermore, each of the optical recording medium
samples # 3-1 to # 3-15 was set 1n the optical recording
medium evaluation apparatus mentioned above and a laser
beam having a wavelength of 405 nm was focused onto each
of the L1 layers using an objective lens whose numerical
aperture was 0.85 via the light transmission layer while each
sample was rotated at a linear velocity of 5.3 m/sec, thereby
recording 8T signals therein and the laser beam was focused
onto each of the L2 layers via the light transmission laver,
thereby recording 81 signals therein.

Then, a laser beam was focused onto each of the 1.2 layers
of the optical recording medium samples # 3-1 to # 3-15
using the optical recording medium evaluation apparatus
mentioned above and a signal recorded 1n the L0 layer was
reproduced and the relationship between the level of the
reproduced signal and the thickness Db of the second
transparent intermediate layer was measured.

The results of the measurement are shown in FIG. 18.

As shown 1n FIG. 18, 1n the case where an 8T signal was
recorded 1n only the L0 layer and the L1 layer, 1t was found
that interlayer cross-talk which arose because the laser beam
focused onto the L2 layer for reproducing a signal therefrom
was projected onto the LO layer and the L1 layer and in
which got mixed into the signal reproduced from the L2
layer monotonously decreased as the thickness Db of the
second transparent intermediate layer increased.

Further, as shown 1n FIG. 18, 1n the case where an 8T
signal was recorded 1n only the L0 layer and the L2 layer, it
was Tound that interlayer cross-talk which arose because the
laser beam focused onto the L1 layer for reproducing a
signal therelfrom was projected onto the L0 layer and the 1.2
layer and 1 which got mixed into the signal reproduced
from the L1 layer decreased as the difference between the
thickness Da of the first transparent intermediate layer and
the thickness Db of the second transparent intermediate
layer decreased but the imterlayer cross-talk was high as a
whole.

To the contrary, as shown 1n FIG. 18, in the case where an
81 signal was recorded 1n only the L1 layer and the L2 layer,
it was found that interlayer cross-talk which arose because
the laser beam focused onto the L0 layer for reproducing a
signal therefrom was projected onto the L1 layer and the L1
layer and 1 which got mixed into the signal reproduced
from the L0 layer decreased as the thickness of the second
transparent intermediate layer decreased but the dependency
of the iterlayer cross-talk on the thickness of the second
transparent intermediate layer was higher when the thick-
ness of the second transparent intermediate layer was
smaller than that of the first transparent intermediate layer.
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It 1s reasonable to conclude that the dependency of the
interlayer cross-talk on the thickness of the second trans-
parent mtermediate layer was lower when the thickness of
the second transparent intermediate layer was larger than
that of the first transparent intermediate layer because as the
thickness of the second transparent intermediate layer
decreased, the interlayer cross-talk which arose because the
laser beam was projected onto the L1 layer and which got
mixed into the signal reproduced from the L0 layer became
insignificant but the difference between the thickness of the
first transparent intermediate layer and that of the second
transparent intermediate layer became smaller, whereby the
interlayer cross-talk which arose because the laser beam was
projected onto the L2 layer and which got mixed into the
signal reproduced from the L0 layer became significant. On
the other hand, it 1s reasonable to conclude that the depen-
dency of the interlayer cross-talk on the thickness of the
second transparent intermediate layer was higher when the
thickness of the second transparent intermediate layer was
smaller than that of the first transparent intermediate layer
because as the thickness of the second transparent interme-
diate layer decreased, not only interlayer cross-talk which
arose because the laser beam was projected onto the L1 layer
and which got mixed into the signal reproduced from the L0
layer became msignificant but also the difference between
the thickness of the first transparent intermediate layer and
that of the second transparent intermediate layer became
larger, whereby interlayer cross-talk which arose because
the laser beam was projected onto the L2 layer and 1n which
got mixed into the signal reproduced from the L0 layer
became nsignificant.

Working Example 4

An optical recording sample # 4 was fabricated in the
manner of the optical recording medium sample # 1 except
that each of the first transparent intermediate layer, the
second transparent mntermediate layer and the third trans-
parent intermediate layer was formed so as to have a
thickness of 20 um.

The thus fabricated optical recording medium sample # 4
was set 1n a DDU1000 optical recording medium evaluation
apparatus manufactured by Pulstec Industrial Co., Ltd. and
a laser beam having a wavelength of 405 nm was sequen-
tially focused onto the L0 layer, the L1 layer and the L2 layer
using an objective lens whose numerical aperture was 0.85
via the light transmission layer while the optical recording
medium sample # 4 was rotated at a linear velocity of 5.3
m/sec, thereby recording 81 signals therein.

Then, the laser beam was focused using the optical
recording medium evaluation apparatus mentioned above
onto the L3 layer of the optical recording sample # 4 1n
which no signal was recorded and a signal was reproduced.
The level of the thus reproduced signal was 13.1 dB. Since
an 8T signal was not recorded 1n the L3 layer, this was
caused by the influence of interlayer cross-talk and the
interlayer cross-talk in the L3 layer was thus 13.1 dB.

Further, the optical recording medium sample # 4 was set
in the optical recording medium evaluation apparatus men-
tioned above and a laser beam having a wavelength of 405
nm was sequentially focused onto another track of the L0
layer, the L1 layer and the L3 layer via the light transmission
layer, thereby recording 8T signals therein.

Then, the laser beam was focused using the optical
recording medium evaluation apparatus mentioned above
onto the L2 layer of the optical recording sample # 4 1n
which no signal was recorded and a signal was reproduced.
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The level of the thus reproduced signal was 19.8 dB. Since
an 8T signal was not recorded in the L2 layer, this was
caused by the influence of interlayer cross-talk and the
interlayer cross-talk in the L2 layer was thus 19.8 dB.

Furthermore, the optical recording medium sample # 4
was set 1n the optical recording medium evaluation appara-
tus mentioned above and a laser beam having a wavelength
of 405 nm was sequentially focused onto the other track of
the LO layer, the L2 layer and the L3 layer via the light
transmission layer, thereby recording 81 signals therein.

Then, the laser beam was focused using the optical
recording medium evaluation apparatus mentioned above
onto the L1 layer of the optical recording sample # 4 1n
which no signal was recorded and a signal was reproduced.
The level of the thus reproduced signal was 23.3 dB. Since
an 8T signal was not recorded in the L1 layer, this was
caused by the influence of interlayer cross-talk and the
interlayer cross-talk 1in the L1 layer was thus 23.3 dB.

Moreover, the optical recording medium sample # 4 was
set 1 the optical recording medium evaluation apparatus
mentioned above and a laser beam having a wavelength of
405 nm was sequentially focused onto the other track of the
L1 layer, the L2 layer and the L3 layer via the light
transmission layer, thereby recording 81 signals therein.

Then, the laser beam was focused using the optical
recording medium evaluation apparatus mentioned above
onto the L0 layer of the optical recording sample # 4 1n
which no signal was recorded and a signal was reproduced.
The level of the thus reproduced signal was 20.6 dB. Since
an 8T signal was not recorded 1n the LO layer, this was
caused by the influence of interlayer cross-talk and the
interlayer cross-talk in the LO layer was thus 20.6 dB.

Therefore, 1n the optical recording medium sample # 4
fabricated so that the thickness Da of the first transparent
intermediate layer, the thickness Db of the second transpar-
ent intermediate layer and the thickness Dc of the third
transparent intermediate layer were equal to 20 um, the
influence of interlayer cross-talk was maximum in the L1
layer and the maximum level of the interlayer cross-talk was
23.3 dB.

Further, optical recording medium samples # 4-1 to # 4-m
were Iabricated in the manner of the optical recording
medium sample # 1 except that a first transparent interme-
diate layer, a second transparent intermediate layer and a
third transparent intermediate layer were formed so that the
thickness Da of the first transparent intermediate layer, the
thickness Db of the second transparent intermediate layer
and the thickness Dc of the third transparent intermediate
layer were varied, while the total thickness thereof was kept
to be 60 um.

The thus fabricated optical recording medium samples #
4-1 to # 4-m were sequentially set in the optical recording
medium evaluation apparatus mentioned above and a laser
beam having a wavelength of 405 nm was sequentially
focused onto the L0 layer, the L1 layer and the L2 layer of
cach of the optical recording medium samples # 4-1 to # 4-m
using an objective lens whose numerical aperture was 0.85
via the light transmission layer while each of the optical
recording medium samples # 4-1 to # 4-m were rotated at a
linear velocity of 3.3 m/sec, thereby recording 81 signals
therein.

Then, the optical recording medium samples # 4-1 to #
4-m were sequentially set 1n the optical recording medium
evaluation apparatus mentioned above and the laser beam
was focused onto the L3 layer of each of the optical
recording samples # 4-1 to # 4-m 1n which no signal was
recorded and a signal was reproduced. Since an 81 signal
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was not recorded in the L3 layer of each of the optical
recording medium samples # 4-1 to # 4-m, the thus repro-
duced signal was caused by the influence of interlayer
cross-talk.

Further, the optical recording medium samples # 4-1 to #
4-m were sequentially set in the optical recording medium
evaluation apparatus mentioned above and similarly to the
above, a laser beam having a wavelength of 405 nm was
sequentially focused onto the L0 layer, the L1 layer and the
.3 layer of each of the optical recording medium samples #
4-1 to # 4-m wvia the light transmission layer, thereby
recording 8T signals therein.

Then, the optical recording medium samples # 4-1 to #
4-m were sequentially set in the optical recording medium
cvaluation apparatus mentioned above and the laser beam
was focused onto the L2 layer of each of the optical
recording samples # 4-1 to # 4-m 1n which no signal was
recorded and a signal was reproduced. Since an 81 signal
was not recorded 1n the L2 layer of each of the optical
recording medium samples # 4-1 to # 4-m, the thus repro-
duced signal was caused by the influence of interlayer
cross-talk.

Furthermore, the optical recording medium samples # 4-1
to # 4-m were sequentially set in the optical recording
medium evaluation apparatus mentioned above and simi-
larly to the above, a laser beam having a wavelength of 405
nm was sequentially focused onto the L0 layer, the 1.2 layer
and the L3 layer of each of the optical recording medium
samples # 4-1 to # 4-m via the light transmission layer,
thereby recording 8T signals therein.

Then, the optical recording medium samples # 4-1 to #
4-m were sequentially set in the optical recording medium
evaluation apparatus mentioned above and the laser beam
was focused onto the L1 layer of each of the optical
recording samples # 4-1 to # 4-m 1n which no signal was
recorded and a signal was reproduced. Since an 81 signal
was not recorded in the L1 layer of each of the optical
recording medium samples # 4-1 to # 4-m, the thus repro-
duced signal was caused by the influence of interlayer
cross-talk.

Moreover, the optical recording medium samples # 4-1 to
# 4-m were sequentially set 1n the optical recording medium
evaluation apparatus mentioned above and similarly to the
above, a laser beam having a wavelength of 405 nm was
sequentially focused onto the L1 layer, the L2 layer and the
.3 layer of each of the optical recording medium samples #
4-1 to # 4-m via the light transmission layer, thereby
recording 8T signals therein.

Then, the optical recording medium samples # 4-1 to #
4-m were sequentially set in the optical recording medium
evaluation apparatus mentioned above and the laser beam
was focused onto the LO layer of each of the optical
recording samples # 4-1 to # 4-m 1n which no signal was
recorded and a signal was reproduced. Since an 8T signal
was not recorded in the LO layer of each of the optical
recording medium samples # 4-1 to # 4-m, the thus repro-
duced signal was caused by the influence of interlayer
cross-talk.

Each of the thus obtained maximum levels of interlayer
cross-talk 1n signals reproduced from the optical recording
medium sample # 4-1 to # 4-m was subtracted from the
maximum level of interlayer cross-talk in the signals repro-
duced from the optical recording medium sample # 4,
namely, 23.3 dB and how the maximum levels of interlayer
cross-talk were changed by varying the thickness Da of the
first transparent intermediate layer, the thickness Db of the
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second transparent intermediate layer and the thickness Dc
of the third transparent intermediate layer was measured.

The results of the measurement are shown in FIG. 19.

As shown 1n FIG. 19, 1t was found that 1n the case where
the thickness Da of the first transparent intermediate layer
was 20% to 40% of the total thickness (Da+Db+Dc) of the
first transparent intermediate layer, the second transparent
intermediate layer and the third transparent intermediate
layer, the thickness Db of the second transparent interme-
diate layer was 35% to 60% of the total thickness (Da+Db+
Dc) of the first transparent intermediate layer, the second
transparent intermediate layer and the third transparent
intermediate layer and the thickness Dc of the third trans-
parent intermediate layer was 20% to 40% of the total
thickness (Da+Db+Dc) of the first transparent intermediate
layer, the second transparent intermediate layer and the third
transparent intermediate layer, the maximum level of the
interlayer cross-talk was greatly decreased and that 1n the
case where the thickness Da of the first transparent inter-
mediate layer was 22% to 36% of the total thickness
(Da+Db+Dc) of the first transparent intermediate layer, the
second transparent intermediate layer and the third trans-
parent ntermediate layer, the thickness Db of the second
transparent intermediate layer was 36% to 55% of the total
thickness (Da+Db+Dc) of the first transparent intermediate
layer, the second transparent intermediate layer and the third
transparent itermediate layer and the thickness Dc of the
third transparent imtermediate layer was 22% to 32% of the
total thickness (Da+Db+Dc) of the first transparent interme-
diate layer, the second transparent intermediate layer and the
third transparent intermediate layer, the maximum level of
the interlayer cross-talk was particularly greatly decreased.

Therefore, 1t was found that for suppressing the maximum
level of the mterlayer cross-talk 1t was preferable to form the
first transparent intermediate layer, the second transparent
intermediate layer and the third transparent intermediate
layer so that the thickness Da of the first transparent inter-
mediate layer was smaller than the thickness Db of the
second transparent intermediate layer and that the thickness
Dc of the third transparent intermediate layer was smaller
than the thickness Db of the second transparent intermediate
layer.

Further, 1t was found from FIG. 19 that the maximum
level of the interlayer cross-talk could be suppressed to be
much smaller by forming the first transparent intermediate
layer, the second transparent intermediate layer and the third
transparent intermediate layer so that the thickness Dc of the
third transparent intermediate layer was smaller than the
thickness Da of the Irist transparent intermediate layer.

The present invention has thus been shown and described
with reference to specific embodiments and working
examples. However, 1t should be noted that the present
invention 1s 1 no way limited to the details of the described
arrangements but changes and modifications may be made
without departing from the scope of the appended claims.

For example, in the above described embodiments,
although each of the L0 layer 20, the L1 layer 30, the L2
layer 40, the L3 layer 50 and the L4 layer 60 1s constituted
as a write-once type information recording layer that enable
writing but not rewriting of data, the L0 layer 20, each of the
L1 layer 30, the L2 layer 40, the 1.3 layer 50 and the L4 layer
60 may be constituted as a data rewritable type information
recording layer or an information recording layer adapted to
enable only data reading. Further, the L0 layer 20, each of
the L1 layer 30, the L2 layer 40, the L3 layer 50 and the L4

layer 60 may be constituted as the same type information
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recording layers but a part of them may be constituted as
different type information recording layers.

Furthermore, 1n the above described embodiments,
although the optical recording medium 10, 100, 150 includes
three to five information recording layers, 1t 1s not absolutely
necessary for an optical recording medium to include three
to five information recording layers but an optical recording,
medium may include six or more information recording
layers.

Moreover, 1n the above described embodiments, although
the optical recording medium 10, 100, 150 includes the light
transmission layer 19 and 1s constituted so that a laser beam
L 1s projected onto the information recording layers via the
light transmission layer 19, the present invention 1s not
limited to an optical recording medium having such a
configuration and the optical recording medium may include
three or more information recording layers between a sub-
strate formed of a light transmittable material and a protec-
tive layer and be constituted so that a laser beam L 1s
projected onto the information recording layers via the
substrate.

According to the present invention, 1t i1s possible to
provide an optical recording medium which includes three
or more information recording layers and reduces interlayer
cross-talk.

The 1nvention claimed 1s:

1. An optical recording medium comprising a substrate, a
protective layer, four or more information recording layers,
a light incidence plane being constituted by the surface of
cither the substrate or the protective layer, the optical
recording medium further comprising a first transparent
intermediate layer formed between a first information
recording layer farthest from the light incidence plane and a
second information recording layer located on the side of the
light incidence plane with respect to the first information
recording layer, a second transparent intermediate layer
tformed between the second mformation recording layer and
a third information recording layer located on the side of the
light incidence plane with respect to the second information
recording layer, and a third transparent intermediate layer
formed between the third mnformation recording layer and a
fourth information recoding layer located on the side of the
light incidence plane with respect to the third information
recording layer wherein the first transparent intermediate
layer, the second transparent intermediate layer, and the
third transparent intermediate layer are formed so that a
thickness Da of the first transparent intermediate layer 1s
20% to 40% of a total thickness (Da+Db+Dc) of the first
transparent intermediate layer, the second transparent inter-
mediate layer, and the third transparent intermediate layer, a
thickness Db of the second transparent intermediate layer 1s
35% to 60% of the total thickness (Da+Db+Dc) of the first
transparent intermediate layer, the second transparent inter-
mediate layer and the third transparent intermediate layer,
and a thickness Dc of the third transparent mntermediate layer
1s 20% to 40% of the total thickness (Da+Db+Dc) of the first
transparent intermediate layer, the second transparent inter-
mediate layer and the third transparent intermediate layer.

2. An optical recording medium 1n accordance with claim
1, wherein the first transparent intermediate layer, the second
transparent intermediate layer and the third transparent
intermediate layer are formed so that the thickness of the
first transparent intermediate layer 1s 22% to 36% of the total
thickness of the first transparent intermediate layer, the
second transparent intermediate layer and the third trans-
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parent intermediate layer, the thickness of the second trans-
parent itermediate layer 1s 36% to 55% of the total thick-
ness of the first transparent intermediate layer, the second
transparent intermediate layer and the third transparent
intermediate layer, and the thickness of the third transparent
intermediate layer 1s 22% to 32% of the total thickness of the
first transparent intermediate layer, the second transparent
intermediate layer and the third transparent intermediate
layer.

3. An optical recording medium comprising a substrate, a
protective layer, four or more information recording layers,
a light incidence plane being constituted by the surface of
cither the substrate or the protective layer, the optical
recording medium further comprising a first transparent
intermediate layer formed between a first information
recording layer farthest from the light incidence plane and a
second information recording layer located on the side of the
light mncidence plane with respect to the first information
recording layer, a second transparent intermediate layer
formed between the second information recording layer and
a third information recording layer located on the side of the
light incidence plane with respect to the second information
recording layer, and a third transparent intermediate layer
formed between the third information recording layer and a
fourth imnformation recoding layer located on the side of the
light 1incidence plane with respect to the third information
recording layer wherein the first transparent intermediate
layer, the second transparent intermediate layer, and the
third transparent intermediate layer are formed so that a
thickness Da of the first transparent intermediate layer 1s
20% to 40% of a total thickness (Da+Db+Dc) of the first
transparent intermediate layer, the second transparent inter-
mediate layer, and the third transparent intermediate layer, a
thickness Db of the second transparent intermediate layer 1s
35% to 60% of the total thickness (Da+Db+Dc) of the first
transparent intermediate layer, the second transparent inter-
mediate layer, and the third transparent intermediate layer,
and a thickness Dc of the third transparent intermediate layer
1s 20% to 40% of the total thickness (Da+Db+Dc) of the first
transparent intermediate layer, the second transparent inter-
mediate layer, and the third transparent intermediate layer,
and wherein the first transparent intermediate layer, the
second transparent intermediate layer, and the third trans-
parent intermediate layer are further formed so that the
thickness of the first transparent intermediate layer 1s larger
than that of the third transparent intermediate layer.

4. An optical recording medium in accordance with claim
3, wherein the first transparent intermediate layer, the second
transparent intermediate layer and the third transparent
intermediate layer are formed so that the thickness of the
first transparent intermediate layer 1s 22% to 36% of the total
thickness of the first transparent intermediate layer, the
second transparent intermediate layer and the third trans-
parent intermediate layer, the thickness of the second trans-
parent itermediate layer 1s 36% to 55% of the total thick-
ness of the first transparent intermediate layer, the second
transparent intermediate layer and the third transparent
intermediate layer, and the thickness of the third transparent
intermediate layer 1s 22% to 32% of the total thickness of the
first transparent intermediate layer, the second transparent
intermediate layer and the third transparent intermediate
layer.
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